The intention of the present wok is to provide an account on the pollen morphological features of Lamiaceae in Saudi Arabia as a basis for future studies of Lamiaceae pollens in the region. Pollen morphology of 20 species belong to 16 genera of the Lamiaceae has been investigated using Light Microscope (LM) and Scanning Electron Microscope (SEM). The study revealed that the pollen grains were characterized by 3-zonocolpate or 6-zonocolpate. Size of the pollen is variable between the genera but not among the species of the same genus. The surface pattern of the exine varies from fine reticulate, rough reticulate, mega-reticulate, reticulate-perforate, bireticulate-perforate or granulate, leading to 6 types of pollen grains. These variations revealed by this study implies that pollen Morphology may be of significant value sharing in solving problems in the classification of Lamiaceae members. A Key to the species, based on the morphological features of pollen grains, is also provided. 
Introduction
Lamiaceae is represented in Saudi Arabia by 26 genera and about 70 species (Migahid, 1989 and Collenette, 1999) . 14 species are endemic to the Kingdom of Saudi Arabia, while 27 species are endangered, vulnerable or rare (Collenette, 1998) . Pollen morphology including aperture number, shape and tectum ornamentation were studied in different members of the family Lamiaceae and found these features were helpful in its taxonomy (Erdtman, 1945; Abu-Asab and Cantino, 1994; Raj, 1974; Rudall, 1980; Bazarragchaa et al., 2012) . However, Perveen and Qaiser (2003) and Al-Watban et al. (2015) were studied pollen morphology of several species in different genera of the family Lamiaceae and suggested that it is useful in grouping and identifying the species. The genus Salvia was studied by several investigators (Jafari and Nikian, 2008; Yildiz et al., 2009; Kahraman et al., 2009ab, 2010a Kahraman and Doghan, 2010) who reported the pollen characters of species were useful for their identification. Celenk et al. (2008a,b) , indicated that the pollen characters of the genus Mentha were valuable for taxonomic applications. Erkara and Koyuncu (2007) , Salmaki et al. (2008) and Boi et al. (2013) indicated in their study on Stachys species that the pollen morphological characters were useful in the identification of certain sections and species. Akgul et al. (2008) reported in their study of the genus Marrubium in Turky that morphological characters of pollens are of taxonomic significance in the genus. Harley et al. (1992) found in their studies that most of Ocimum species pollens are with bireticulateperforate tectum sculpture and suggested a re-evaluation in their classification. As well as Arogundade and Adedeji (2009) in their study of Ocimum L. species concentrated on pollen colpi reporting different types of pollens acolpate to octacolpate pollens which reveal that there are significant differences among the species. Moreover, Dinç et al. (2009) reported in their study on Lallemantia species growing in Turkey, the exine sculpture of pollen had taxonomic value. Kose et al. (2011) reported that the granulate or reticulate type of exine ornamentation in Ajuga species may be is useful in segregating the species within the genus. Hasani-Nejad et al. (2011) and Hasani-Nejad (2013) showed that the exine ornamentation could be used as a taxonomic feature below generic level classification of Scutellaria. Osman (2012) Prabhakar and Ramakrishna (2014) and suggested that pollen shape, aperture and tectum sculpture may help in identification of the species. Navarro et al. (2004) mentioned in Teucrium, pollen tectum surface ornamentation types and pollen size seem to have a taxonomic value. The forgoing investigations indicate that there is no definitive agreement for which level of classification can be useful of using pollen morphological characters in Lamiaceae. The intention of the present work is to provide an account of pollen morphological features of Lamiaceae members in Saudi Arabia as a basis for future studies.
Materials and methods
Pollens were excised from either fresh and preserved samples or from herbarium specimens deposited either at the herbarium of King Saud University (KSU) or at the National Herbarium (RIY) of Saudi Arabia. (Table 1) . Five samples of different collections were prepared for each species to confirm the stability of pollen characters within a species, by using the usual acetolysis method (Erdtman, 1971) . Measurements were made within two to four days period to avoid the possibility of error introduced by differential swelling. Twenty pollen grains were measured using an ocular micrometer (Zeiss Photometric microscope III) and the mean was taken. Measurements include polar length, equatorial length and the length of the colpi. The shape category is, basically, determined by dividing the equatorial width into the polar length of the pollen grain (P/E) Erdtman (1945) . Preparation for scanning electron microscopic studies were carried out by dusting the treated pollen onto specific Aluminium stubs coated with silver. The stubs were then coated with gold and observed and photographed in JEOL T-20 Scanning Electron Microscope. Descriptive terms were according to Moore and Webb (1978) and Punt et al. (2007) . Size measurements for the pollen grains were taken according to Erdtman (1971) [very small < 10 lm in dimensions; small 10-25 lm; medium (25-50) lm; large (50-100) lm; very large (100-200) lm; huge > 200 lm].
Results and discussion
This study concentrated on shape, number of colpi, size and surface characters of pollen grains of 20 species. The main features of the pollen are illustrated in Figs. 1-32 and summarized in Table 2 . The study shows that the shape of pollen grains is prolate in one species, spheroidal in ten species and sub-spheroidal in one species under 6 zonocolpate group (Table 2) . However, the shape of the pollen grains is spheroidal in seven species and sub-spheroidal in one species under 3 zonocolpate group (Table 2) , which revealed no significant differences in pollen shapes of studied species. The study shows that these pollen can be broadly divided into two groups, based on the number of colpi, viz.: (1) Hexa-zonocolpate group with 14 species (Table 2; . And (2) tri-zonocolpate group comprises 8 species (Table 2 and Figs. 9-17). The heterocolpate character in the pollen of the investigated species coincides with the results obtained by earlier workers (Erdtman, 1971; Raj, 1974) . Pollen grains show great variations in size among species. The largest size of pollen (56.63 Â 55.81 mm) was recorded in Ocimum basilicum, and the smallest one (18.32 Â 11.66 mm) in Leucas inflata., this result agrees with that reported by Raj (1974) of pollen grains in Ocimum spp. belonging to the Indian region. These variations in size is perhaps due to the eco-physiological variations in these two countries. However, the size of pollen grains is slightly different in Ocimum species, Lavandula species and Leucas species of the present study ( Table 2 ) this revealed that size variation may be used in generic level. The tectum surface ornamentation of the pollens which is one of the readily distinguishing characters, is found to be not constant among genera with more than one species studied (Table 2) . Fine reticulate is the common type of tectum surface ornamentation among the species studied, since, it occurs in 6 species of 5 genera, Ajuga arabica ( The results of the first three species agree with that mentioned by Kose et al. (2011 ), Dinç et al. (2009 and Jamzad and HasaniNejad (2013) . The surface ornamentation of the last two species is mentioned as reticulate under SEM (Evert and Eichhor, 2013) which also confirmed with our findings in this tudy. However, these 6 species belong to two different groups, Ajuga arabica and Scutellaria arabica pollen with tri-zonocolpate, while Lallemantia royleana, Plectranthus asirensis, Lavandula dentata and Lavandula pubescens with hexa-zonocolpate pollens. Pollen with megareticulate tectum surface occurs in 3 species of Ocimum (Ocimum Fig. 1-8 . LM micrographs showing hexacolpate pollen grain shapes in polar view. 1. Endostemon gracile pollen grain, spheroidal (Â800); 2. Ocimum filamentosum, spheroidal (Â800); 3. Lavandula dentata pollen grain, spheroidal (Â800) 4. Thymus decussatus pollen grain, spheroidal (Â800); 5. Plectranthus asirensis pollen grain, spheroidal (Â800); 6. Ocimum forsskaolii pollen grain, spheroidal (Â800); 7. Ocimum basilicum pollen grain, spheroidal (Â800); 8. Lavandula pubescens, par = 50 mm.
and Thymus decussatus (Table 2 , Fig. 20 ) which coincide with that reported by Satil et al. (2005) , all these species have pollens with heixa-zonocolpate (Table 2 ). There are a few variations in the colpi lengths at least on generic level which depends on the pollen size of each species (Table 2) . They are generally narrow with tapering ends. Broad colpi with acute ends are also observed in many species. (e.g. Origanum syriacum and Ocimum spp.). However, based on colpi numbers, the species studied can be divided into two groups viz.: Group1, pollen with 6-zonocolpate and Group 2, pollen with 3 zonocolpate (Table 2 ) and this agrees with the division of the Lamiaceae into two groups (Erdtman, 1945) . As well as, according to type of tectum surface ornamentation: Group1 divides into 4 subgroups including 12 species in 10 genera and Group 2 divides into 5 subgroups which includes 8 species in 7genera (Table 3 ). The study of the available pollen material of the 20 species of the family Lamiaceae based on tectum ornamentation revealed the presence of 6pollen types; including genera divided into 6 groups (Table 3) . Moreover, a key based on overall morphological features of pollen grains for the studied species where can be classified into different categories is proposed. Key. Based on the morphological features of pollen grains of the species investigated: Fig. 9-11 . LM micrographs showing tricolpate pollen shapes in polar view. 9. Ajuga arabica, spheroidal (Â800); 10. Stachys aegyptiaca, spheroidal, (Â800); 11. Leucas inflata spheroidal (Â800). Fig. 12-17 . SEM micrographs showing tricolpate pollen grains, tectum surface; 12. Ajuga arabica, fine reticulate (Â2000); 13. Stachys aegyptiaca, reticulate -perforate (Â3500); 14. Ballota undulata, bireticulate-perforate (Â3500); 15. Leucas alba, rough reticulate (Â3500); 16. Teucrium oliverianum, granulate (Â2000). 17. Scutellaria arabica, fine reticulate (Â3500). Origanum syriacum pollen grain in equatorial view, reticulate-perforate (Â3500); 20. Thymus decussatus pollen grain in polar view, perforate (Â2000); 21. Endostemon gracile pollen grain in polar view, bireticulate -perforate (Â2000); 22. Lallemantia royleana pollen grain in equatorial view, fine reticulate (Â2000); 23. Mentha longifolia pollen grain in polar to equatorial view, perforate (Â3500); 24. Ocimum forsskaolii pollen grain in polar view, mega-reticulate (Â2000). 25. Micromeria imbricata pollen grain in polar view perforate (Â2000); 26. Marrubium vulgare pollen grain in polar view, reticulate -perforate (Â2000). Fig. 27-32 * P/E ratio: Prolate = 1.33-2.00; Prolate-Spheroidal = 1.00-1. 14; Spheroidal = 0.88-1.14; sub-spheroidal = 0.75-1.33 (Punt et al., 2007) . E, equatorial axis; P, polar axis. All measurements in mm. ** Pollen morphology of these species were only examined by light microscope (LM). 
